Cytoplasm is densely packed with macromolecules causing cellular crowding, which alters in-7 teractions inside cells and differs between biological systems. Here we investigate the impact of 8 crowding on microtubule cytoskeleton organization. Using mathematical modelling, we find that 9 only anisotropic crowding affects the mean microtubule direction, but any crowding reduces the 10 number of microtubules that form bundles. We validate these predictions in vivo using Drosophila 11 follicular epithelium. Since cellular components are transported along microtubules, our results 12 identify cellular crowding as a novel regulator of this transport and cell organization. 13 Subject Areas: Biological Physics, Complex Systems, Interdisciplinary Physics 14 Distribution of different components inside cells is cru-15 cial for cellular, and therefore, organism function. In or-16 der for organelles to be delivered to their corresponding 17 biologically relevant locations inside the cell, they are 18 transported via vehicles (motor proteins) along tracks 19 (microtubule cytoskeleton). The microtubules (MTs) 20 forming these tracks are polarized and highly dynamic 21 filaments [1], as their plus-ends undergo dynamic insta-22 bility. In particular, MTs are either growing or shrink-23 ing and can switch between the two states. Despite this 24 highly dynamic behavior of individual MTs, they self-25 organize into a network, the dynamics of which reaches 26 a steady-state. This steady state is often driven by cell-27 scale features, e.g. cell geometry and spatial distribution 28 of MT stable minus-ends [2-4]. 29 The properties of the MT network are crucial for cell 30 function. In particular, the mean MT direction is linked 31 to the large-scale direction of transport and cytoplasmic 32 flows [5-7]. The efficacy of intracellular transport ad-33 ditionally depends on the MT bundling, which occurs 34 in many experimental systems [8]. It is defined as the 35 case when two or more MTs are closely apposed, often 36 connected by cross-linking proteins [9]. The presence of 37 bundling promotes the transport by increasing the prob-38 ability of a motor protein reattachment to a MT upon 39 fall-off [10, 11]. 40 However, the MT network does not exist in isola-41 tion, but rather in a crowded cytoplasm densely packed 42 with biopolymers [12]. This dense packing with macro-43 molecules can make the cell interior either isotropic 44 or anisotropic [12-15]. The significance of cytoplasmic 45 crowding is seen in protein folding, where it speeds up 46 transition-limited reactions while slowing down diffusion-47 limited reactions [13, 16]. Additionally, the crowding cre-48 ates potential barriers to growing MTs. The only model 49 to date that considers the MTs in the context of crowd-50 ing analyzes the creation of traffic jams by kinesin-8 [17], 51
). (f) Bundling factor (ecc = 0.7-top, ecc = 0.98 -bottom), for the four crowding scenarios (clockwise: isotropic homogeneous, isotropic discrete, anisotropic discrete (with δ = 10), anisotropic homogeneous) as a function of the barrier strength p b (horizontal axis) and either the number of barriers N b for the isotropic discrete case, or the angle barrier θ b for the anisotropic cases (vertical axis).
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